In a total of 16 Merino rams, the corpus-cauda epididymal junction was ligated either bilaterally (eight rams) or unilaterally (eight rams). Semen was collected from six and urine from two of the bilaterally obstructed rams over periods of 34 days after operation. The characteristics of semen collected at different postligation days and the viability of spermatozoa in these samples during storage in vitro at 5°C, and number of spermatozoa voided in urine, were examined. Four of the unilaterally ligated rams were slaughtered 34 days and the remaining four 60 days after ligation, and the number of spermatozoa and the percentages motile, abnormal, and unstained cells were determined in the portions of the tract anterior and posterior to ligation.
I. INTRODUCTION Despite much work on the functional aspects of the epididymis, the main questions as to whether or not the epididymis is an autonomous organ, or whether the fluid secreted therein has any influence on spermatozoa as they pass through the epididymal duct, seems not clearly answered. It is generally accepted that spermatozoa undergo some kind of physiological maturation process as they move through the epididymis. Early workers (Tournade 1913; Redenz 1924) considered this phenomenon to be due to epididymal secretions. Young (1931) later suggested that maturation is an inherent property of the cells and the epididymis serves only as an excurrent duct. Histological and histochemical studies (reviewed by Gustafsson 1966) now suggest that both secretory and resorptive functions in the epididymis are important.
Various aspects of changes which occur in spermatozoa while they traverse through the epididymis have been studied, mainly in small animals (reviewed by Bedford 1966) .
There are also reports on longevity of rabbit spermatozoa (Hammond and Asdell 1926; Solovej, cited by Milovanov 1962) , and of bull spermatozoa (Kirillov and Morozov 1936) when the normal flow through the epididymis is arrested. There appear to be no such observations for the ram. The experiment described in the present paper was undertaken to gain information on the viability and morphology of ram spermatozoa after epididymal obstruction.
II. MATERIALS AND METHODS

(a) Experimental Animals
Sixteen mature Merino rams were used. They were run on natural pasture in the spring (September-middle November) when maple green grass was available, and received no supplementary feeding.
(b) Conduct oj Experiment
During a pre-experimental period of 1 week, two semen collections were taken daily from each ram by means of artificial vagina. After a 5-day rest the epididymis was occluded bilaterally in eight rams and unilaterally in the remaining eight rams. Epididymal occlusion was performed under general anaesthesia by placing a ligature at the corpus-cauda junction without removal of the epididymal portion, with care taken not to impair the blood supply.
Semen collection by artificial vagina was resumed with six bilaterally ligated rams on the second day after operation, repeated on the fourth day, and thereafter every third day until the 34th post-ligation day. Semen samples obtained on subsequent collection days were examined and stored in vitro at 5°C.
Urine was collected from two of the remaining bilaterally ligated rams (not used for semen collection) soon after operation to gain information on the fate of non-ejaculated spermatozoa in the portions of the tract posterior to occlusion. The rams were held in a cradle and fitted with a urine-collecting apparatus (Dick and Mules 1954) , the vessels of which were changed in the morning and evening of each day, and the total number of spermatozoa voided was estimated by haemocytometer count. Two samples were counted from each morning and evening collection. The urine collection lasted 34 days for both rams.
The rams used for semen and urine collections, and four of the unilaterally ligated rams, were slaughtered on the 34th post-operation day. The remaining four unilaterally ligated animals were slaughtered on the 60th day after ligation. The whole genitalia were carefully removed immediately after death, the testis weighed, and semen samples taken from various parts of the tract for examination of spermatozoa. Samples from the caput, mid·corpus, and cauda were obtained by withdrawing with a Pasteur pipette, and from the vas deferens and ampulla by carefully expressing their whole length.
Numbers of spermatozoa in the testes and in the epididymis, after being sectioned into its components and weighed, were determined following a maceration process (Amann and Almquist 1961) . The vas deferens and ampulla were also macerated and counts were combined from suspensions and from semen previously expressed. Two haemocytometer counts were made in samples from each portion of the tract. (ii) Storage of Semen in vitro at 5°0.-Semen samples collected from each bilaterally ligated ram up to the 16th post-ligation day were diluted with an egg yolk-glucose-citrate solution to contain 1 X 109 spermatozoa per millilitre of diluted semen. Samples collected on the 19th day after ligation, having low density, were diluted to a spermatozoal concentration of 0·5 X 109 per millilitre. The diluted semen was gradually cooled to 5°0, and stored at this temperature until complete arrest of spermatozoal motility. Daily examinations were made from each stored sample on a warm stage at 37°0.
(c) Examination and Storage of Semen
(d) AnalY8e8 of Data
Data for characteristics of semen obtained on collection days after ligation and for semen samples taken from different portions of the genital tract were subjected to analyses of variance. Differences between means were examined by the multiple range test, as outlined by Snedecor (1956) , and, where required, by the t-test. Percentages of motile spermatozoa for the various collection days and for various periods of storage of semen in vitro were examined by regression analyses. All percentages were transformed to angles. Table 1 presents mean data for characteristics of semen obtained on successive days after ligation. Rams differed markedly for all semen characteristics examined. Semen volume, concentration and number of spermatozoa, and percentage of unstained spermatozoa declined, whereas percentage of abnormal spermatozoa increased with days of collection. The increase in proportion of abnormal spermatozoa after the 19th day was primarily due to increasing proportions of tailless forms.
III. RESULTS
(a) Semen Oollected from Bilaterally Ligated Rams
The percentage of motile spermatozoa decreased with days of collection, and the regressions are presented in Figure 1 . Four rams yielded only immotile spermatozoa 19 days, and the other two rams 22 and 28 days, after obstruction of the epididymis. Regressions for the individual rams differed significantly for both characteristics (P < 0'01). Figure 2 shows regressions for percentage of motile spermatozoa on time of storage at 5°0 for various collection days. Semen collected on successive post-ligation days contained spermatozoa with decreasing viability in vitro. Thus spermatozoa which were motile when obtained on the 2nd, 4th, 7th, 10th, 13th, 16th, and 19th 4·02  23·65  3·94  8·5  42·1  75·4  4  0·92  3·66  20·09  3·35  9·6  43·2  74·3  7  0·81  2·99  14·82  2·47  10·3  44·3  73·6  10  0·64  2·60  9·48  1·58  11·2  45·6  70·3  13  0·78  2·15  10·50  1·75  13·3  45·4  72·5  16  0·64  1·98  7·51  1·25  12·5  44·6  69·2  19  0·58  0·79  2·73  0·46  16·9  47·0  68·3  22  0·63  0·69  3 ·12  0·52  20·5  55·6  66·4  25  0·67  0·53  2·56  0·43  23·6  60·7  65·5  28  0·61  0·10  1·64  0·27  26·9  64·7  60·6  31  0·37  0·03  0·13  0·02  29·2  68·5  54·4  34  0·42  0·006  0·04  0·01  35·5  71·4  48·9 Significance of differences days after operation survived on the average for 11, 9, 7, 7, 5, 3, and 1 days respectively. On the other hand, longevities of spermatozoa for the successive collection days were 13, 13, 14, 17, 18, 19 , and 20 days respectively when the in vivo and in vitro storage periods were combined. , -0·28 (day 10), -0·30 (day 13), -0·33 (day 16), and -0·57 (day 19) respectively, the average value being -O· 28. All coefficients are significant at the 0·1 % level, except those for days 16 (1 % level) and 19 (not significant). Regression coefficient for percentage motile spermatozoa on successive post-ligation days of collection is -0 ·15 (significant at 0·1 % level). 
(b) Viability of Spermatozoa Obtained on Collection Days after Bilateral Ligation
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Spermatozoa from individual rams showed differences in duration of viability in vitro, but the slopes of respective mean collection day regressions were not substantially affected. There were significant differences between the slopes of collection day regressions (p<0·0l).
(c) Spermatozoa Voided in the Urine of Bilaterally Ligated Rams
There was a constant, but diminishing elimination of spermatozoa in the urine of the two bilaterally ligated rams up to the 24th and 27th day after ligation. Thereafter none could be detected (Fig. 3) . The total numbers voided in urine during these periods were 43·92 X 109 (ram 7) and 34 ·14 X 109 (ram 8). Rates of elimination for the two rams were 90 and 85% respectively during days 1-8, 9·3 and 8,0% during days 9-16, and 0·3 and 0·4% during the remaining period of observations. Days of collection after ligation Table 2 shows percentages of motile, abnormal, and unstained spermatozoa in samples taken from different portions of the tract following slaughter of animals.
(d) Characteristics of Spermatozoa in the Genital Tract
(i) Control Side
Although there was an increase in percentage of motile spermatozoa as they passed along the epididymal duct, there were no marked differences between samples taken from the caput, corpus, and cauda. The vas deferens and ampulla, however, contained more (P<0'05) motile spermatozoa than the caput epididymis. Percentages of abnormal spermatozoa in different portions of the tract were indistinguishable, but the corpus contained less (p<0·05) unstained cells.
(ii) Ligated Side
Obstruction of the corpus-cauda junction for either 34 or 60 days had no detectable influence on spermatozoa in the caput, but markedly affected all characteristics examined in the corpus and in portions of the tract posterior to ligation.
While the t-test revealed a difference (p < 0·05) for percentage motile spermatozoa in the corpus between ligation periods of 34 and 60 days, the proportions of either abnormal or unstained spermatozoa in the similarly isolated epididymal portion were indistinguishable for 34-and 60-day treatments.
There was a decrease in percentage motile spermatozoa from the caput to the ampulla, the decline being steeper (P < 0 . 01) after 60-than after 34-da y isolation.
The percentage of abnormal spermatozoa increased along the tract towards the ampulla, primarily due to an increasing proportion of tailless forms. The increments in total abnormalities were of higher magnitude after 60-than after 34-day treatment (time of ligation interaction, P<O·OI).
The percentages of unstained spermatozoa in the cauda, vas deferens, and ampulla were indistinguishable, but there were distinctly less unstained cells in all these portions after the 60-day as compared with 34-day treatment (cauda and ampulla, P<0·05; vas deferens, P<O·Ol).
(e) Testicular and Epididymal Weights
Obstruction of the epididymis had no marked effect on either testes or caput weights (Table 3) . Most corpora were distended, especially proximal to ligation, and showed significant weight gain after ligation for 34 days (p<0·01), with further enlargement after ligating for 60 days (P<O·OOl). The weights of control and ligated caudae were indistinguishable after either 34-or 60-day treatments. t Two rams used for urine collection and six for semen collection.
(j) Nurnher of Spermatozoa Recovered in Different Portions of the Tract following Slaughter
Ligation of the corpus-cauda junction affected neither spermatogenesis in the testis, nor the number of spermatozoa in the caput (Table 4 ). The numbers of spermatozoa in the corpus isolated for 34 and 60 days were 34 and 58 % respectively higher (P < 0·05) than the entire portions. Spermatozoa were substantially reduced in regions of the tract pOElterior to ligation. Thus reductions after 34 and 60 days were 74 and 81 % respectively in the cauda, and 98 and 99% respectively in the vas deferens. Only a few spermatozoa were found in the ampulla after 34 days, but some persisted even to 60 days after ligation. t Rams which were used for urine collection only.
) Rams which were used for semen collection only. 
IV. DISCUSSION The period of 19-28 days during which motile spermatozoa were detected in ejaculates obtained after obstruction of the epididymis is considerably shorter than those reported for the rabbit (40-60 days: Hammond and Asdell 1926; Solovej, cited by Milovanov 1962) and the bull (60 days: Kirillov and Morozov 1936) . Although there could be species differences, the place of obstruction is a possible explanation for the longer survival of rabbit and bull spermatozoa, as the ligatures were placed at a higher level on the epididymis than in the rams used in the present study.
The proportion of motile spermatozoa declined with post-ligation days, and there was also a decreasing longevity of the cells during in vitro storage. Nevertheless, a conclusion on the effect of ligation should be tempered if durations of life in vivo and in vitro are combined. Thus it seems that spermatozoa remaining in the tract for 19 days survived for a longer period (total of 20 days) than those which were in the tract for only 2 days (total of 13 days). A comparison between the regressions for in vivo and between pooled collection day regressions for in vitro survival showed,
however, that the slope of the latter regression was significantly steeper (P<O'OOl) than that of the former. This indicates that the environment was more favourable for spermatozoal survival in the tract than in vitro. It could well be, therefore, that the survival time of spermatozoa collected sooner after epididymal obstruction and stored at 5°0 in vitro was impaired as compared with that of spermatozoa which spent a longer period in the tract. In short, the environment in the ligated tract was superior to that in vitro.
Motile spermatozoa were found for shorter periods in semen obtained by ejaculation than in samples taken from the cauda and vas deferens. The reason for this could be that spermatozoa in the ejaculate were expelled mainly from the ampulla and from the vas deferens (or only from its distal part), in which portions most cells were either immotile or at the verge of their active life.
Young (1931) reported that spermatozoa retained in ligated epididymal tubules of the guinea-pig showed increased motility. Gaddum and Glover (1965) found a similar phenomenon in rabbit epididymis ligated for 14 days, but thereafter a degenerative process was observed. An increase in activity of spermatozoa also could have occurred in the ram shortly after ligation. However, the proportion of motile spermatozoa in the caput after ligation for either 34 or 60 days was indistinguishable from that in the contralateral control portion, and was markedly lower in the corpus after both intervals.
Ligation caused enlargement of the corpus epididymis and accumulation of fluid, especially after 60 days. This could have altered the environment, with the changed composition of epididymal fluid creating unfavourable conditions for survival of spermatozoa (Gustafsson 1966) .
The aging effect was most evident in the portions of the tract posterior to ligation. Few spermatozoa were motile in the vas deferens and ampulla after 34 days, and no activity was observed in the ampulla after 60 days. The high proportion of abnormal (mainly tailless) spermatozoa and the low percentage of unstained cells in semen ejaculated 19-34 days after ligation, and in samples taken after slaughter from portions of the tract posterior to ligature, are strongly suggestive of a degenerative process.
Increase in the proportion of motile spermatozoa during their passage along the entire epididymal duct is generally accepted as a reflection of a maturation process. It has been shown in rats (Blandau and Rumery 1961, 1964) and in rabbits (Bedford 1966 ) that spermatozoa taken from the distal regions of the epididymis possess higher fertilizing capacity than those from the upper regions. In the present study, the proportion of motile spermatozoa increased as the cells traversed along the entire tract from the caput to the ampulla. However, only fertility trials could demonstrate if this is also accompanied by an increase in fertilizing capacity.
There were no detectable differences in the percentage of abnormal spermatozoa along the entire reproductive tract. By contrast, Amann and Almquist (1962a) found more abnormal cells in the corpus than in the caput of the bull epididymis, and Mori (1952) observed a decrease in the number of abnormal spermatozoa from the caput to the cauda and again an increase in the vas deferens of rats.
The lower proportion of unstained spermatozoa found in the non-ligated corpus agrees with observations made by other investigators (Ortavant 1953; Glover 1961 Glover , 1962 Amann and Almquist 1962a) and, as postulated by these authors, could be due to a critical phase in maturation or to a transient permeability of spermatozoa. Lino, Braden, and Turnbull (1967) and Salamon (unpublished data) found that large numbers of spermatozoa are voided daily in urine of sexually inactive rams. Migration and elimination of spermatozoa in urine continued even after interruption of the spermatozoa stream and in the absence of a vis a tergo from the upper regions of the epididymis. The elimination rate, however, gradually decreased until about 35 % of the spermatozoa in portions distal to ligation were eliminated, assuming that they contained a total of 115 X 109 spermatozoa at the time of obstruction. In the unilaterally ligated rams 25% of the spermatozoa remained in the cauda, vas deferens, and ampulla. Taking into account the elimination rate in urine, a considerable amount of spermatozoa could have disappeared from the tract by other ways, probably by phagocytosis and resorption.
As testes weights and production of spermatozoa were not affected by epididymal ligation, a constant flow of spermatozoa into the caput and corpus should have taken place. While posterior to ligation a large number of spermatozoa was voided in urine, the way of disappearance in portions of the tract above obstruction could have been by phagocytosis (Baillie 1962; Nicander 1963; Phadke 1964) and resorption. Resorption of spermatozoa in the epididymis is suggested by a number of investigators (Simeone and Young 1931; Macmillan 1954; Reid and Cleland 1957; Glover 1960; Amann and Almquist 1962b) , although without positive evidence. On the other hand, it has been shown that the epididymal epithelium is very active and can absorb high-molecular weight organic compounds, biologically inactive substances (Nicander 1963 (Nicander , 1965 Nicander, Paulson, and Selander 1965) , and tritiated thymidine incorporated into spermatozoa (Orgebin-Crist 1964) .
The disappearance of spermatozoa from the caput, and possibly from even more proximal parts, corresponded to the daily amount of spermatozoa production, while the increase in the corpus after ligation for 34 or 60 days represented only a small proportion of cells produced in the testis up to this time. Thus spermatozoa disappeared from the parts of the tract anterior to ligation at a very high rate. 
